The aim of this study was to evaluated the root surfaces modifications resulted by application of different chemicals agents, and their influence on the fibrin network and fibroblasts attachment. From 96 anterior mandibular human extracted incisor teeth, 192 dentin blocks of buccal and lingual surface were obtained and randomly divided into 6 groups: Cont-control group, which received no treatment; Root surface scaling and root planing (Srp); Citric acid-Srp; EDTA-Srp; Tetracycline capsule-Srp; Tetracycline gel-Srp. After dentin treatments the specimens were analyzed as follows: 1) demineralization level and residues of the product by scanning electron microscopy (SEM); 2) adhesion of blood components after 20 min of surface treatment by SEM; 3) fibroblast attachment after 24 h by SEM; 4) cell metabolism after 24 h by MTT assay. Data were analyzed using Fisher Exact, One-way ANOVA test followed by Dunn's test, Tukey test and Dunnett test (α=0.05). Citric acid, EDTA and Tetracycline gel resulted in adequate demineralization with no completely smear layer and smear plug removal on root dentin surface. Tetracycline capsule produced great tetracycline residues with several demineralization areas. Tetracycline gel and EDTA groups presented more fibroblast fixation than other experimental groups. The highest mean blood clot adhesion score was observed in roots treated with tetracycline gel. EDTA and Tetracycline gel surface treatment removed the smear layer over dentin surface and promoted adhesion of fibrin network and fibroblast cells attachment.
Introduction
The traditional treatment of periodontally compromised roots have relied on mechanical instrumentation (1-4) that is not able to fully eliminate the infection due the formation of a smear layer of organic and mineralized debris (3) (4) (5) (6) . As a compensation for these limitations of mechanical therapy; chemical root conditioning has been introduced.
Chemical therapy may favor clot stabilization in the earlier stages of periodontal healing by increasing the adhesion of blood cells and fibrin to the root surface (7, 8) . Root conditioning is intended to detoxify the root surface by removing the smear layer and demineralize by exposing the collagen matrix that supports migration, proliferation, adhesion and matrix synthesis of the cells involved in periodontal healing (9) . This is important for periodontal tissue repair and regeneration (2, 9, 10) .
Chemical conditioning agents like citric acid, phosphoric acid, EDTA and tetracycline have been used in clinical practice (10, 11) . Nevertheless, the great variability of protocols employed by clinicians and researchers has prevented consistent comparisons among them. Citric acid and tetracycline hydrochloride have been extensively researched and used clinically because of higher tissue tolerance and easy storage (12) . Also, etching at neutral pH with agents like EDTA has been shown to have a comparable demineralizing potential (12) .
Therefore, considering the controversies in the literature and the lack of new in vitro and in vivo controlled studies, the aim of this in vitro study was to evaluate the influence of different root conditioning agents on the adhesion of fibrin clot and fibroblast cells to root surfaces.
Material and Methods

Preparation of Human Dentin Blocks
The present study was approved by the Federal University of Uberlândia Ethics Committee (protocol no. 041/11). The ethics statement has been conducted in full accordance with the World Medical Association Declaration of Helsinki. All eligible subjects were informed of the nature, potential risks and benefits of their participation in the study and signed an informed consent form. The authors performed a sample calculation before the beginning of the study. It was used α=0.5, β=80% and the difference expected of 25%. Ninety-six single root human mandibular incisor teeth extracted due to severe periodontitis were used in this study. All teeth were absent of caries or restorations below the cementoenamel junction (CEJ). After extraction, the teeth were cleaned in distilled water and stored in phosphate-buffered saline (PBS) (pH 7.4) at 37 °C until the treatments were performed. Using a high-speed cylindrical bur under copious irrigation, two parallel grooves were made on the proximal root surface of each tooth: one at the CEJ and the other approximately 3 mm apical to the first groove. To create a smear layer, the area between the two grooves was scaled and planed with Gracey curettes 5/6 (Hu-Friedy, Chicago, IL, USA) through 50 apico-cervical traction movements by the same operator to remove the contaminated cement and expose dentin. The roots were cross cut in the first groove, separating them from the crown. All roots were immediately cut lengthwise in the buccolingual orientation and then in the mesiodistal orientation until the second groove was reached apically. Two dentin blocks, approximately 3x3x1 mm in size, were obtained from each tooth, one from the buccal and another from the lingual surface (192 specimens). The 192 specimens were divided into 6 groups, submitted to 4 experimental analyses: 1) presence of smear layer and residues of products (n=9); 2) cell metabolic activity (n=5); 3) fibroblast cell attachment (n=9); 4) blood component adhesion (n=9). The SEM micrographs were analyzed by blinded and calibrated examiner, which received codified images.
Chemical Treatment of Specimens
The specimens were randomly divided into 6 groups: Cont-control group, which received no treatment; Srproot surface scaling and root planning with Gracey curettes (Hu-Friedy) to remove calculus deposits and cementum, creating a smear layer (it was the first step for all the others groups); SrpCi -after Srp, the dentin was etched with 30% citric acid pH 1.6 (Biopharma, Uberlândia, MG, Brazil) for 5 min; SrpEdta -after Srp the dentin was etched with 24% EDTA gel pH 7.0 (Biopharma) for 1 min; SrpTe -after Srp the dentin was etched for 3 min with a solution obtained by 500 mg tetracycline capsule (Tetraciclina, Medquimíca, São Paulo, SP, Brazil) dissolved in 2 mL of saline solution; SrpTeg -after Srp the dentin was etched with 50 mg/mL tetracycline gel pH 1.8 (Biopharma) for 1 min. Following, all specimens were rinsed for 1 min with 20 mL of saline solution and randomly used in 4 different methodologies.
Presence of Smear Layer and Residues of ProductsScanning Electron Microscopy (SEM)
Immediately after rinsing, the specimens (n=9) were dehydrated in an sequence ascending of 30%, 50% and 70% ethanol solutions for 30 minu, followed by washing with 95% and 100% ethanol for 60 min in a two times and immersed in 200 μL of 1,1,1,3,3,3-hexamethyldisilazane (HMDS; Sigma-Aldrich Inc., St. Louis, MO, USA) for 60 min at room temperature. The specimens were stored in a desiccator for 24 h, mounted on metallic stubs, sputtercoated with gold and observed by field emission scanning electron microscopy (EVO MA 10, Carl Zeiss, London, UK) at a voltage of 20 kV. Images of the center of each specimen were obtained at 1000x magnification. Using a single-blind method, the SEM images were examined three times at 7-day intervals by an operator who was previously trained and calibrated. Each sample received the score that prevailed among the three readings. For specimens, a rating system for root biomodification (11) was employed:
Presence of smear layer: 1-great amount of smear layer and smear plug; 2-absence of smear layer and smear plug; Presence of the product residues: 1-great amount of product residues; 2-no product residues were left.
Cell Culture
Immortalized human mouth fibroblasts (Cell Bank of Rio de Janeiro, Rio de Janeiro, RJ, Brazil) were cultured in T-25 cell culture flasks containing Dulbecco's Modified Eagle Medium (DMEM) (Sigma Chemical Co., St. Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA), with 100 IU/mL penicillin, 100 μg/mL streptomycin and 2 mM/L glutamine (Gibco) in a humidified incubator with 5% CO 2 and 95% air at 37 o C (Isotemp; Fisher Scientific, Pittsburgh, PA, USA). Growth was permitted until the cells achieved 70% of confluence.
Cell Metabolic Activity (MTT Assay)
The specimens (n=5) were placed into 96-well plates (Coastar Corp., Cambridge, MA, USA). Because the square dentin slices did not fit into the rounded culture wells, 1x10 5 number of cells per well was suspended in 50 μL of α-MEM medium, and the suspension was placed directly on the surface of the dentin block. After a 1-h incubation period, 50 μL of culture medium was added to the suspension, and it was further incubated for 24 h. The positive control corresponded to cells maintained at 10% DMEM, without additional treatment. After 24 h, the medium was removed and 100 μL of fresh medium and 20 µL of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) solution (Sigma-Aldrich) was added to each well in order to measure mitochondrial activity of the cells. After 4h, the MTT solution was removed, and 100 µL of dimethyl sufoxide (Sigma-Aldrich) was added to each well. Cell viability was determined by measuring the optical density at 540 nm on a microplate reader. The absorbance values (%) obtained from each specimen was measured after 24 h.
Fibroblast Cell Attachment -SEM Analysis
The analysis of cell attachment was performed using SEM (n=9). Briefly, 1x10 5 cells per well were placed over dentin treated surface following the method described in the cell cytotoxicity section. The dentin slices with the fibroblasts cells adhered to dentin surface were immediately immersed in 2.5% glutaraldehyde solution for 60 min and post-fixed with 1% osmium tetroxide for 60 min. The cells that remained adhered to the dentin surface had their morphology examined with a SEM (EVO MA 10). Images of the center of each specimen were obtained at 3000x magnification. The attached fibroblasts were counted by using an Image J program. Two fields of 1 mm 2 per specimen were counted and one mean value was calculated per specimen, which was used for analysis.
Blood Component Adhesion -SEM Analysis
Immediately after treatments, the specimens (n=9) were exposed to whole peripheral blood (7) . After signed an informed consent form, fresh human whole peripheral blood from a healthy male donor was applied to the root surface. The blood was allowed to clot onto the root blocks for 20 min in a humidified chamber at 37 °C. Blocks were then rinsed three times for 5 min in PBS. Washes and rinses of the root blocks were performed in small Petri dishes with a gentle swirling motion using a rotating tabletop shaker at low speed. After rinsing, the blocks were immediately immersed in 2.5% glutaraldehyde solution for 60 min and post-fixed with 1% osmium tetroxide for 60 min each one. SEM images of representative areas of each specimen were obtained at 3000x magnification. Specimens received the score that prevailed among the three readings. A rating system for blood component adhesion (12) was used to analyze the morphologic characteristics obtained in the treatment: 0: absence of fibrin network and blood cells; 1: scarce fibrin network and/or blood cells; 2: moderate fibrin network and moderate quantity of blood cells; 3: dense fibrin network and trapped blood cells.
Statistical Analysis
Data of smear layer and product residue presence were analyzed using Fisher Exact test followed by Dunn's test. The MTT assay and fibroblast cell attachment were analyzed using one-way ANOVA followed Tukey's test and Dunnett test for comparison to control group. The fibrin clot adhesion data were analyzed using Fisher Exact test followed by Dunn's test and Dunnett test for comparison to control group. Analysis of the statistical test power was verified with a minimum power of 0.75. All tests employed a 0.05 level of statistical significance and all statistical analyses were carried out with the statistical package Sigma Plot 13.1 (Systat Software Inc, San Jose, CA, USA). Figure 1 shows the surface of dentin treated with each root conditioning agents. The smear layer presence on dentin (scores) for all groups are shown in Table 1 . Fisher Exact test revealed a statistically significant difference among groups (p=0.001). Dunn's test showed that Tetracycline gel, EDTA and Citric Acid groups had significantly lower smear layer level than scaling and root planing group (Table 1) .
Results
Presence of Smear Layer
Presence of Product Residues
The presence of residue on dentin (scores) for all groups are shown in Table 1 . (Table 1) .
Cell Metabolic Activity
The MTT assay values (mean and standard deviation expressed in %) for all experimental groups and control group are shown in Table 2 . ANOVA revealed a statistically significant difference among groups (p=0.001). Dunnett test showed that Tetracycline capsule, EDTA, Citric Acid and scaling and root planing groups resulted in significantly lower absorbance levels than control group. On the other hand, Tetracycline gel resulted in similar absorbance level with control group (Table 2) . Tukey test showed that Tetracycline gel resulted in significantly more cell viability than other experimental groups (Table 2) . Figure 2 shows the attached fibroblasts cell of human dentin by SEM. The fibroblast cell values (mean and standard deviation) for all experimental groups and control group are shown in Table 3 . ANOVA revealed a statistically significant difference among groups (p=0.001). Dunnett test showed that the number of fibroblast cells was significantly lower for Tetracycline capsule group than control group. Tetracycline gel and EDTA groups had significantly more fibroblast fixation than control group (Table 3) . Tukey test showed that Tetracycline gel and EDTA groups had significantly more fibroblast fixation than other experimental groups. Tetracycline capsule group had significantly lower fibroblast fixation than scaling and root planing group (Table 3) . Figure 3 presented the effect of surface treatment on fibrin clot formation on dentin. The fibrin clot adhered on dentin (scores) for all experimental groups and control group are shown in Table 4 . Fisher Exact test revealed a statistically significant difference among groups (p=0.001). Dunnett test showed that the fibrin clot adhered on dentin for Tetracycline Gel and Scaling and root planing groups were significantly higher than control group (Table  4) . Dunn's test showed that Tetracycline gel group had significantly more fibrin clot adhesion than citric acid and Tetracycline capsule groups. Tetracycline capsule group had significantly lower fibrin clot adhesion than scaling and root planing and EDTA group (Table 4) .
Fibroblast Cell Attachment
Fibrin Clot Adhesion
Discussion
This study was carried out to evaluate biological effects of different chemical agents used for root conditioning on periodontal therapy. For this purpose, substances largely studied by current literature, with broad access and low cost were chosen: tetracycline (1,5-7,11-19), EDTA (5, 7, 11, 12, 20) and citric acid (2, 3, 11, 12, 14) . Despite the large number of research involving such chemical agents (1) (2) (3) (5) (6) (7) (11) (12) (13) (14) 21) , to date, no study has compared their effects on initial biological events related to the success of regenerative periodontal therapy. Considering that the removal of the smear layer and exposure of dentin matrix by acid agents is followed by the formation and adhesion of blood clot, which forms a network for migration and adhesion of fibroblasts and that the maintenance of the viability of those cells is essential for regenerative events, the following parameters were evaluated: smear layer removal, adhesion of blood components (22, 23) , fibroblast adhesion and metabolism (24) .
In attempt to mimic the conditions found in vivo, prior to chemical treatment of the root surfaces, they were scaled and root planned. However, as a result of mechanical therapy, is produced a thick smear layer of microcrystalline debris (14, 20) which is intimately associated with the root surface, as confirmed by the present study in control group. Therefore, acid conditioning have been used to decontaminate and to demineralize the root surface, remove the smear layer, exposing some components of the extracellular matrix of dentin and cementum, such as type I collagen, and facilitating attachment between the root surface and the healing connective tissue (10, 13, 25) . In agreement with previous studies (1,4,5) , the method of application of the root conditioning used in the current research resulted in root surface demineralization, smear layer removal and exposing of dentinal tubules and collagen of intra-and peritubular dentinal matrix, which may helped the adhesion of the fibrin clot and fibroblasts cells on acid treated groups, except in tetracycline in capsule.
The use of tetracycline have been associated with increased adhesion between glycoproteins and dentin, stimulation, proliferation and adhesion of fibroblasts (1, 24) , anticollagenase activity (16) , inhibition of osteoclast function (15) and neutrophil function (17) , as well as efficient substantively (1) . In present study, regarding the parameter evaluated, favorable results were found in the group treated with tetracycline gel but not in the group treated with tetracycline capsule. In the further group, the high amount of residues showed on the root dentin surface are probably related to the components present into the capsules, which were not completely dissolved (11) . The presence of residues of tetracycline particles during long time may result in continuous demineralization of the root dentin (11), creating gaps that could result on lack of insertion of tissue (6) . Furthermore, this procedure may cause irregular surface with many depressions after demineralization (11) . Otherwise, tetracycline gel treatment promoted the most organized fibrin network and cell entrapment, probably related to the collagen fiber exposure, which was greater in this group. The analysis of cell attachment confirmed the superior ability of tetracycline gel created a favorable environment able to facilitate the initial events of healing as formation of fibrin clot and cell attachment (12) . In agreement, other in vitro studies showed that tetracycline gel (1) and EDTA (5,25) demineralization might enhance fibroblasts cell adhesion to the root surface. Despite the methodological limitations to confirming the attachment of the fibrin clot and fibroblasts cells to the root surfaces, SEM analysis remains as a predictable way of assessing the attachment of fibrin clot and fibroblasts cells to the treated root surfaces.
Cell viability was indirectly evaluated by the metabolic analysis of attached cells using MTT assay. Considering that a material for use in dental tissues need to be atoxic, the present research evaluate the influence of demineralized agents Scaling and root planning 9 -B na na -Different letter means statistically different in comparison to control group (p<0,05); na-not applied; presence of smear layer: 1-presence of great amount of smear layer and smear plug; 2-absence of smear layer and smear plug; presence of the product residues: 1-presence of great amount of product residues; 2-no product residues left use. on fibroblasts metabolic activity at 4h, which could be considered a short period. The present results confirmed the absence of cytotoxic of tetracycline gel (11) . However, the low pH of citric acid solution and tetracycline gel or capsule suggested that such agents could interfere with cell viability (18) and the initial events of the healing process periodontal (19) , which was confirmed by the current findings. Further studies need to evaluate the influence of demineralization agents in the long term, in other to evaluate the effects of initial cytotoxicity of those agents on other biological events as cell necrosis or apoptosis, and the capability of cell proliferation. This study presents some limitations such as the use of immortalized cell culture, which have no interactions with other cell types, however the methodology employed allows variables isolation for mimicking the initial healing events after root conditioning. Other relative limitation of this study is the difference on the time application for each substance. The difference on the performance of the different products on the root dentin may impair on the results on this. However it is a relative limitation, because it is not possible to adjust the same time application for the different products (11) .
Based on the methodology applied and the limitations of this study, the tetracycline gel was able to provide significant increase in the adhesion of fibrin network and fibroblasts cells to the root surfaces, when compared to the other group. Also, all the substances employed, except tetracycline capsule, were able to remove the smear layer when compared to the control group, but not all of them effectively cleaned the root surface, removing the smear layer and exposing collagen fibers.
Resumo
O objetivo deste estudo foi avaliar modificações nas superfícies radiculares sofridas pela aplicação de diferentes agentes químicos, e sua influência sobre a rede de fibrina e adesão de fibroblastos. A partir de 96 incisivos inferiores humanos, 192 blocos de dentina das superfícies vestibular e lingual foram obtidos e divididos aleatoriamente em 6 grupos: Cont-grupo controle, não recebeu nenhum tratamento; Raspagem e alisamento radicular (RAR); Ácido cítrico-SRP; EDTA-SRP; Tetraciclina em cápsula-SRP; Tetraciclina gel-SRP. Após o tratamento da dentina as espécimes foram analisadas: 1, nível de desmineralização e resíduos do produto por microscopia eletrônica de varredura (MEV); 2, adesão dos componentes sanguineos após 20 min na tratamento de superfície por SEM; 3, adesão de fibroblastos após 24h por SEM; 4, o metabolismo celular após 24 h por ensaio MTT. Os dados foram analisados por Fisher Exact, teste one-way ANOVA, seguido pelo teste de Dunn, teste de Tukey e teste de Dunnett (α = 0,05). O ácido cítrico, EDTA e gel tetraciclina resultaram na adequada desmineralização sem remoção completa de camada de smear layer e smear plug sobre a superfície da dentina radicular. Cápsula de tetraciclina produziu grandes resíduos de tetraciclina com várias áreas de desmineralização. Os grupos Gel de tetraciclina e EDTA apresentaram maior adesão de fibroblastos do que os demais grupos experimentais. O maior score de adesão de coágulo sanguineo foi observado nas superfícies tratadas com gel de tetraciclina. EDTA e Gel de tetraciclina removeram a camada de smear layer sobre a superfície da dentina e promoveu adesão da rede de fibrina e de fibroblastos.
